The knowledge related to medicinal plants have been described in Indian Ayurveda System and survived till today through the prevalent sociocultural practices. The present study is an attempt to document anti-diabetic plants from Una district of Himachal Pradesh. A thorough survey was conducted from 500 respondents using a semistructured questionnaire and informal discussions. A total of 84 anti-diabetic plant species have been recorded. These plants include wild (32) or cultivated (41) species. Fabaceae was the dominant family with 10 species. The phytoremedies were prepared using different plant parts or sometimes even the whole plant or in combination with other species. There are only few reports on anti-diabetic use of some wild species from the study area. Further studies of bioactive compounds in these species can depict their hypoglycemic potential. The present study has suggested a strong link between traditional herbal medicines, their documentation and proper chemical characterization to harness their therapeutic potential to the maximum level.
INTRODUCTION
The plants have played multiple roles as providers of essential commodities such as food, fodder, and medicines. The plants have been explored and exploited for many human ailments including the metabolic diseases such as diabetes mellitus (DM) which is posing a challenge to humankind due to its "killer" and epidemic proportions (Bailey and Day, 1989) . Diabetes is predicted to affect 366 million people by 2030 with India and China showing the worst figures every year (WHO, 2006) . In this scenario, the division of Traditional Medicines of World Health Organization underlines the ageold usage of medicinal plants and stresses on their proper evaluation for human use. The synthetic hypoglycemic drugs are not only expensive but also have many side effects or complications (Rang and Dale, 1991) . On the other hand, the traditional plant medicines are safe, effective, and provide an alternative system to manage diabetes, especially in the developing countries, where 80% of the populations still rely on plant resources for health care needs (Mahady, 2001; Azaizeh et al., 2003) .
Around 1,200 herbal remedies were identified for diabetes, out of which some 343 species have been tested for their glucose-lowering effect. Among these plants, 158 species have been documented in Indian Ayurveda System for "Madhumeha" (Rahman and Zaman, 1989; Leena and Jill, 2010) . India, also called the "botanical garden of the world" because of its rich biodiversity, has more than 70% of its rural population dependent on traditional plant medicines (Seth and Sharma, 2004) . It seems that natural plant wealth of the country holds a key to its traditional wisdom of therapeutic herbs. Himachal Pradesh is blessed with rich plant diversity including medicinal and other useful plants (Sharma, 1976; Uniyal and Chauhan, 1982; Chauhan, 1999 and Gulati et al., 2004) . Previous ethnobotanical studies had revealed indigenous knowledge of medicinal species used by the people in different parts of the state (Singh, 1999; Thakur, 2001; Sood et al., 2001; Sharma et al., 2003; Samant et al., 2007; Kaur et al., 2011; Chand et al., 2016) . However, a specific report on anti-diabetic medicinal plants from Una district has not figured in any earlier text. A thorough survey has been undertaken to document this traditional wisdom which has survived till date through oral folklores and social customs. The present paper reports the anti-diabetic plants used by or known to the natives of district Una so as to enable their rational utilization, dissemination, and conservation for the future. Gupta, et al.: Plant-based 
MATERIALS AND METHODS

Study Area
Una is one of the 12 districts of Himachal Pradesh lying in the foothills of Shivalik between North latitude 31°17′52″ and 31°52′0″ and East longitude 75°58′2″ and 76°28′25″. The adjoining districts are Kangra, Hamirpur, and Bilaspur. The study area is bounded in the west by Hoshiarpur and Ropar districts of Punjab and by the Solah Singi range in the east. As per census of India 2011, it has a population of 521,057. The total geographical area is 1549 km 2 which include a forest cover of 185 km 2 . The altitudinal range is from 350 to 1200 m above sea level. "Swan," a seasonal river which flows across the Jaswan Dun valley, is the lifeline of this district. The climate is mostly subtropical and the vegetation consists mainly of dry deciduous forests mixed with scrub vegetation (Chandrasekhar et al., 2003) .
Ethno Medicinal Survey
Extensive field surveys and interviews were conducted to gather ethnomedicinal information from 500 respondents of five blocks of district Una, namely, Una, Amb, Gagret, Bangana, and Haroli. A semistructured questionnaire and informal talks were employed to elicit the information through door-to-door survey and frequent visits throughout the district. The respondents were selected randomly, irrespective of their sex, education, and occupation, and subject to their availability and willingness to share their knowledge. The talks were exchanged in the local dialect easily understood by the natives to make it interactive and fruitful. The common plants cited for the anti-diabetic usage were easily identifiable while the others were confirmed from specimens along with their photographs and notable features. Their modes of preparation and administration, dosage, etc., were also recorded. The anti-diabetic plants reported during the study were authenticated from the relevant standard Floras (Hooker, 1872 (Hooker, -1897 Collett, 1971; Chowdhery and Wadhwa, 1984) and with the help of voucher specimens available in the herbarium of Department of Botany, Panjab University, Chandigarh.
RESULTS AND DISCUSSION
A total of 500 respondents (259 females and 241 males) selected randomly from diverse educational and occupational profiles were contacted including the homemakers, mid-wives, shopkeepers, farmers, village chiefs, local practitioners, and the "vaidyas." Information of 84 anti-diabetic species along with their common names, growth habit, useful part(s), availability status, modes of preparation, and administration were documented (Table 1) . In previous studies, 46 antidiabetic species were suggested by 251 respondents (Tag et al., 2012) and 21 species by the 240 natives of a rural district of Assam (Tarak et al., 2011) . Out of 58 recorded species in Puduchery as anti-diabetic, 22 are similar to the present study (Dixit and Sudurshan, 2011) . Among the 19 anti-diabetic species reported from Hamirpur district, 13 are common with the species of Una district (Kumar et al., 2014) . Clematis virginiana is a new report from the study area which also finds mention in a recent study from district Mandi of Himachal Pradesh (Sidhu and Thakur, 2015) .
The reported species are placed into 42 families (Table 2) . Fabaceae is the dominant family represented by 10 species followed by solanaceae (5), cucurbitaceae and poaceae (4 species each). Most of the species were trees (32) followed by herbs (28) (Figure 1 ). A review of 419 anti-diabetic remedies from 270 angiosperms in India, Pakistan, and Sri Lanka had also suggested fabaceae and cucurbitaceae as the dominant families (Marwat et al., 2014) . Fruits (30 species) were the most commonly used part followed by leaves (19 species) and seeds (13 species) as shown in Figure 2 . Similar trend in other studies was also recorded (Kadir et al., 2012; Ayyanar and Ignacimuthu, 2011) .
Most of the recorded plant species are cultivated (41), wild (32) including edible fruits (30), ornamentals (25), spices(9), etc. Plant products in dried or processed forms were preferred over the fresh materials for preparing the phytoremedies. Raphanus sativus, Lagenaria siceraria, Cucumis sativus, Lycopersicon esculentum, Solanum melongena, Momordica charantia, M. charantia var abbreviata, Carica papaya, Emblica offi cinalis, Punica granatum, Annona squamosa, Morus alba, Syzygium cumini, and Aegle marmelos were the common vegetables and seasonal fruits taken in diabetes along with household spices. Common spices and herbs from the kitchen garden are a part of diabetic diet in Britain (Vohora et al., 1973) . Studies have documented diabetes ameliorating components such as eugenol, curcumin etc. in some spices (Krishnaswamy and Raghuramulu, 1998; Srinivasan, 2005) . Another study has reported antidiabetic potential of vegetables like cucurbits and legumes (Tang et al., 2008) .
The preparations were made from single species or sometimes polyherbal as well and used in the form of "salads," "soups," vegetables, "churan," "chutney," etc. (Figure 3) . Special "chapattis" prepared from a mixedflour of wheat, soybean, gram and barley were consumed as anti-diabetic and the same had also been mentioned in earlier study. (Ahmad et al., 2009) . Water stored overnight in the bowls carved from the heartwood of Crateva religiosa, Pterocarpus marsupium, Mimusops elengi is used to drink in the morning. Jaggery was recommended as a substitute for crystal sugar though in small amounts. These phytoremedies were usually recommended to be taken empty bowels and with cow milk or curd. The herbal mixtures were reported to be more effective than single plant remedies.
A "compound recipe" from 10 anti-diabetic plants had the potential of regenerating insulin secreting cells of pancreas (Wadood et al., 2007) .
Some plants such as Holarrhena pubescens, Litsea glutinosa, Celastrus paniculatus, Swertia chirata, Vitex negundo, Tribulus
Gupta, et al.: Plant-based remedies for the management of diabetes plants were trees and herbs growing as wild in nature or cultivated as ornamentals, fruits, spices, etc. Fabaceae was the dominant family represented by 10 species. All the plant parts were useful, but fruits and leaves were frequently used, in fresh or processed form, to prepare various home-made remedies for the disease. The polyherbal formulations were reported to be more effective than single plant uses. Plants of H. pubescens, L. glutinosa, C. paniculatus, V. negundo, S. chirata, etc. , are fast depleting species from the wild and thus need to be protected. Some species such as P. paniculata, P. benghalensis, P. tuberosa, L. glutinosa, and C. virginiana have only few reports about their anti-diabetic efficacy thus can be explored in future studies. The anti-diabetic plant species have been documented worldwide in different studies (Grover et al., 2002; Bnouham et al., 2006; Sidhu and Sharma, 2013; Marwat et al., 2014; Liu et al., 2016) . A review on M. charantia has reported some side effects such as hypoglycemic coma and convulsions in children (Basch et al., 2003) . A note of caution was also suggested by the respondents to prepare some decoctions. Therefore, a detailed analysis, standardization, and clinical trial of the recorded plant species are an urgent need of the time.
CONCLUSION
A total of 84 species of angiosperms were used by the natives of study area to manage diabetes. Most of the
